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“Standard model of Heavy lon Collisions”
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Hard Processes (pQCD) FE/coal. Hadron
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JIMWLK/BK Y Hydro (EoS)

Our understanding of some fundamental properties of
the Glasma, sQGP and Hadron Gas depend strongly on
our knowledge of the initial state!
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3 conundrums of the
initial state:

|.What is the spatial transverse distributions of gluons?
2. How much does the spatial distribution fluctuate!?
Lumpiness, hot-spots etc.
3. How saturated is the initial state of the nucleus!?
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Different initial distributions gives different flows!
5 5 The question is what is €7?
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Is the sQGP a perfect fluid?

AdS/CFT predicts for a perfect fluid:
n/s = I/(411) ~ 0.08

Different initial geometries of nuclei gives different n/s of
the strongly coupled Quark-Gluon Plasma

(percent)

How “perfect” is the fluid?

| Glauber

® RHIC data -

]
pr (GeV)
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. CGC

1 n/s=10"

1/s=0.08

o 1/s=0.16
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s the sQGP a perfect fluid?

IP-Gl: - [CFT predicts for a perfect fluid:

.+ nls = 1/(41m) ~ 0.08

Schenke, Tribedy,Venugopalan arXiv:1202.6646
IP-Glasma n/s=0.08, b=9fm

0.5

Different initial states=
different fluctuation scales

Thursday, June 21, 12



3 conundrums of the
initial state:

|.What is the spatial transverse distributions
of nucleons and gluons!?
2. How much does the spatial distribution fluctuate?
Lumpiness, hot-spots etc.
3. How saturated is the initial state of the nucleus!?




T10-119 forward correlation in pp and dA at RHIC

Uncorrected Coincidence Probability (rad™')

o
o
N

o
—
(@)

0.05

O

p+p — n0 70 + X, Vs =200 GeV

0.01

d+Au — 70 w0 + X, Vs =200 GeV

- prL>2GeV/c, 1GeVic<prg<pr. | 0.0161 pr >2GeVic, 1 GeVic<prs<prL
=32, (ng)=32 | 4, ab + (M)=3.2, (ng)=3.2
0.012}
0.01f
0.008}
0.006 |-
0-004:‘ Peaks
. d+Au peripheral A(i) o
0.002f perip 0.46 + 0.02
STAR Prellmlnary a3 0.99 + 0.06
.................... | TR TR N
Q1 0 1 5 34 s
Adp

0.03F

0.025F

0.015[

0.01

0.005

0.02f

d+Au — 70 0 + X, Vs =200 GeV

C prL>2GeVic, 1GeV/c<prg<prL
{l (ML)=3.1, (ng)=3.2
i Peaks
i A¢ 0]
d+Au central 0 044 +002
STAR Preliminary = 1.63£0.29

-1 0 1 2 3 4 )

arXiv:1008.3989v1

Striking broadening of away side peak in central dA
compared to pp and peripheral dA!
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| question, 2 answers

Initial and final state
multiple scattering

Initial state saturation model

Away side parton randomized
by strong color field

Albacete, Marquet

d+Au = n'n"+X, vs = 200 GeV, 2000< T Qpae < 4000
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How saturated is the initial state?
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http://arxiv.org/abs/1112.6021v1
http://arxiv.org/abs/1112.6021v1

What can eRHIC do!?
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DIS ep and eA

QZ

Y

=

- Hadrons

bIA
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Diffraction ep and eA

e
e
Hadrons
Y\ Q° Mx
Rapidity gap
P’/A’
PIA" LERA: .
Proton collides with electron at eRH. ETA:
CMS energy ~300m,. lon predicted to stay

intact in 25%-40% of
events!

In ~15% of measured collisions
proton stays intact!

Thursday, June 2



Diffraction ep and eA

e
e
Hadrons
N\ Q Mx

Rapidity gap

S /
t=(p-p)*  pPIN

bIA

Depend on t, momentum transfer to proton/ion.

Fourier transforﬂﬁ of t-distribution

transverse sp;:ial distribution
Spatial imaging!




Why is diffraction so great! Pt. |

Sensitive to spatial gluon A projectile scattering off a

distributions nucleus of radius R
-not a ‘black disk’, edge effects
Light scattering off a circular  _target may break up
screen of radius R
1
U2
i IWIWIIIIIII“HIH\NI _ i /\ /\

1t
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Diffraction at eRHIC

Difference in between ep & eA:
The nucleus can break up
into colour neutral fragments!

Incoherent/Breakup

do/dt

Coherent/Elastic

When the nucleus breaks up,the |
scattering is called incoherent :

When the nucleus stays intact, the ool
scattering is called coherent

Total cross-section = incoherent + coherent

|7
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Incoherent Scattering

Good, Walker:

do/dt

Nucleus dissociates (f # i):

Oincoherent X Z ‘A‘f f‘A‘ >
f#i ,_Jg/

—Z il AL (ALY — GA[T @A) " T et

complete set

<\|A| i) — [(i] Ali)|" = (|A]*)

— [(A)
The mcoWe of th 7/amplltude”

dgtotal B < > Ucoherent L
it 16r VA T
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Why is diffraction so great! Pt. 2

Diffraction sensitive to gluon momentum distributions?:

11—z
(1—2)?‘
fy* r - F V:J/¢7¢7p

6 o< g(x,Q2)? m a
" HERA Q2 =10 GeV? p=< >=p/

—— HERAPDF1.7 (prel.)
08N . HERAPDF1.6 (prel.)

B experimental uncertainty

[ ] model uncertainty XU,
[] parametrization uncertainty

How does the gluon
distribution saturate at
small x?

xf(x, Q?)

—= —————— : L 41l Ll . \
104 1073 1072 1071 1
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Saturation

Lower Energy Higher Energy

Xo >> X
%
\ parton
many new
Proton Proton
s smaller partons 5
(X0,Q%) x,Q")

are produced

Glass Condensate "

% A ,
E saturation Qs(Y)
. region ((\@\‘\
> _ @\@Q
9
3 A
: Q) ~ (-
= €ZT ) —
£ } BFKL
o
o
i DGLAP O
(@) |
c
e
Adcp In Q?
og ~ 1 ag < 1 20

at eRHIC

Thursday, June 21, 12



Saturation

Lower Energy

Proton

(X0, Qz)

In 1/x

Y =

non-perturbative region

parton

many new

smaller partons

are produced

Higher Energy

Proton

(x,Q%)

Glass Condensate "

2
AQcep
(XS ~ 1

21

at eRHIC

Boost

Confinemen

‘!lllll I
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Saturation at eRHIC

Pocket formula:

1 A

X

A

Yy | —

X

Gold:A=197, x 197 times smaller!
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Saturation at eR

Pocket formula:

Qx)~ AV (L) ~
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How to measure
diffraction at eRHIC

24
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“Seeing” Diffraction Slides from T. Ullrich

A DIS event (experimental view)

THETA PHI

Cridav Eanhriinansz2 2N490
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“Seeing” Diffraction Slides from T. Ullrich

A DIS event (experimental view)

Activity in proton direction

‘-~ NI ,ylf,,o//
=
®

THETA PHI

Erid Eah

| dl | n\L o Yilary. Q 0“10
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“Seeing” Diffraction Slides from T. Ullrich

.

Cridav Eanhriinansz2 2N490
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‘Seeing” Diffraction

Slides from T. Ullrich

A diffractive event (experimental view)
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How to measure t=(Pa-Px’)?

Need to measure Pa’
Coherent case: A’ disappears down beampipe
Incoherent case: Cannot measure all beam remnants

Only possibility: Exclusive diffraction
etA— e’ +VM+A’
t=(PVM+Pe"Pe)2

| p. 6, J /1, DVCS
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What has been measured!?

Hahn, Ravenhall, and Hofstadter,
g - 197
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o) // /-//’ 77%727
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Electron colliding with fixed ion target,
large x charge distribution - no gluons!
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What is being measured?

Thursday, June 21, 12

Slide from J.H. Lee

Coherent Diffraction (Y*+IP ) Analysis:R. Debbe

in UPC at RHIC

e STAR Preliminary

— Sartre (coherent)

01
-t [(GeV/c)’]

® Coherent
diffractive p
production in Au

+Au at v/snn=200
GeV

® Data: STAR/RHIC
Ultra-peripheral
AuAu Collision

® Simulation: Sartre




eRHIC predictions:

1—2
(l—z)'r"’l
’Y*W< il E - F % V=J/¢a¢ap
VA
b

0

Glauber
Woods-Saxon).~4 o

> T.Ullrich & T.T.
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eRHIC predictions:

Excluswe diffraction Sartre
>: Dipole model with Glauber

V= J/,6.0 bSat and bNonSat

) z < | . daqr?_ ? 2 2 2
Eﬁf’;ﬁ i =2 |1 e (—graesle T
do.ngsat 7'('2
- L = —rlag(p)zg(y, 1*)T (D)

— D— Y
A\

&
Glauber doyg S
bSat
|5

7

33
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bSat vs.
bNonSat
at HERA

@ — Mesons
No distinguishing
power!

eRHIC can probe the
difference!
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g B zeus
2 . Sartre
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o
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bNonSat
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B zeus
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bSat

Q(yp—9p) (nb)
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B zeus
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eRHIC predictions:
Exclusive diffraction Sartre

101 k e p/Au— e’ p /AU’ Jhp 1.2
-8 L Jhp— ee i
C\T\ _’v' =
% L vB coherent events only ‘WWWW
S I fLdt =10 fb- Un ||
_CC) i -V-’:' x < 0.01 |
A A —~~ B
c\T/ -vf" ® ep no saturation % - | l
- = 0.8 L J.TH-I
g v-v-l;l m ep saturation (I?Sat) >O\ [ —— '““_'**_.m_+_++.+.+++-+++'++ T
= -v-‘" A eAu no saturation S i
S 102 b v 3 v eAu saturation (bSat) <qE) L
= "vig % 0.6 |
-(D .y.lv:":: . @) ad @ no saturation
| V- & m saturation (bSat)
= ﬁé‘: i
2 ~ B Experimental Cuts:
o J/\Ij T 04r I (©ecay)| < 4
& i P(Edecay) > 1 GeV/c
q -
< 0.2}
10° |- -
=1 1 11 |||||||||||||||||||||||||||||||||||| |||||||| ||||||||||||||||||||||||||||||||||||||||
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7/ 8 9 10
Q? (GeV?) Q? (GeV?)

Can constrain models a lot with a few months of running!
High precision over a large range in Q2!

35

Thursday, June 21, 12



eRHIC predictions:
Exclusive diffraction Sartre

** e p/Au— e’ p/Au’ ¢ 5 2: @ no saturation
1 E..A. L ¢— KK “b m saturation (bSat)
N> = coherent events only 20 :
o) - e 1 :‘. Experimental Cuts:
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: | vv i. A, 0.4F
~— v'.v. '.'.., IA"A B
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'v'-v-.v.‘ b 0.2
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103:III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIV O_lll||||||||||||||||||||||||||||||||||II|IIII
1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10
Q? (GeV?) Q? (GeV?)

Can constrain models a lot with a few months of running!
High precision over a large range in Q2!
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eRHIC predictions:
Exclusive diffraction Sartre

" JLdt = 10 fb™! o coherent - no saturation
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Can constrain models a lot with a few months of running!
First 4 dips obtainable.
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eRHIC predictions:
Inclusive diffraction

Stage I Q2 =10 GeV?

B X =6.6x103 |
n stage-| N

______________
- -
~ -
-
~ -
Y
-~

Seo
~

102 | T 1072

s eAu - Saturation Model
—— ep - Saturation Model
----- eAu - Non-Saturation Model (LTS)

(1/0101) dogif/dM#Z (GeV-2)
(1/0t01) dogiff/dMZ (GeV-2)

10°° = —— ep - Non-Saturation Model (LTS) ] 103 |- =
S u ' 1 L 1
o 25F = S 25E =
S 2 E_ / S B 2 = E
3 sat 3 3 iE
fg 15 F- = E 15 E E
o TE T ——— o 'E 7
15 0.5 E- no-sat (LST) = 5 05F =
O—I A | 1 1 | = S O—I 1 1 I I T N | 1 1 I I T A | 1 =

1071 1 10 1071 1 10
M2 (GeV?) M2 (GeV?)

Can constrain models a lot with a few months of running!
Already in Stage |!
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eRHIC predictions:
Dihadron correlations, away peak

0.18 i B _
- S QP=1GeV? . EIC stage-Il plrl9%e’ > 2 GeVic
[ ep ” ‘\ . i

0.16 | ; 3 0.2 1 < p_al_ssoc < pitlflgger

| [Ldt=10 fb-1/A

0.14 — ‘ Inl<4
0.12 |- AN 015~
- ' \ 2‘ eAu - nosat
=5
T o.1
@)
0.05 |-

Can constrain models a lot with a few months of running!
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Summary

To understand many properties at of heavy ion collision
one must have a detailed understanding of the initial
conditions of the ions.
eRHIC is a perfect environment to measure the initial
condition at high precision.
eRHIC will open up a new regime for saturated QCD.

eRHIC will be an ultra high resolution femtoscope!

40

Thursday, June 21, 12



What we learn from diffraction:

Obervable | Process What we learn Coh./Inc.
O4it/ Owoe | Inclusive Level of saturation Coherent
do/dt Exclusive sz?tlal gluon density pc(b), Coherent
No breakup important for e.g. /S
do/dt .| Fluctuations and lumpiness
Exclusive . Incoherent
Breakup of gluons in ions
do/dt Exclusive Level of saturation Coherent &
Incoherent
AD of DIS Level of saturation vs.
dihadrons shadowing

4]
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Detecting Nuclear Breakup

* Detecting all fragments pa = >pn+ D pp + D Pd+ D Pa... NOt possible
®* Focus on n emission

» Zero-Degree Calorimeter ¢ Additional measurements:

» Requires careful design of IR » Fragments via Roman Pots
»v via EMC

Traditional modeling done in pA: A7)

Intra-Nuclear Cascade

* Particle production
* Remnant Nucleus (A, Z, E*, ...)
e |ISABEL, INCL4

De-Excitation
e Evaporation
* Fission
e Residual Nuclei
* Gemini++, SMM, ABLA (all no )

Y Fission products Y Spallatiodn residue
a, B, y decays

42
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